ABSTRACT: Weight-age data from 50 Retinta beef cows from 8 to 97 mo of age located in southwestern Spain were fitted to von Bertalanffy, Brody, and Richards functions to determine the relationship between growth curve parameters and cow efficiency. Only cows having at least 31 weights were included in the analysis. Von Bertalanffy, Brody, and Richards functions were fitted to weights of each cow. Relevant parameters of the three functions are A and K, associated with the asymptotic mature weight and rate of maturing, respectively. Criteria for comparisons among the three functions were computing difficulty, goodness of fit, and lack of bias of A. Productivity indicators were number of calves weaned during the first five calving seasons (NC), average birth weight (BWT), average weaning weight M I , and average weaning weight per cow per year (WWY). These results suggest that productivity may be reduced with cows of relatively large mature weights, and that fast-maturing animals would be more efficient.
Introduction
The long series of weights recorded during the entire lifespan of the cow is difficult to interpret. The use of mathematical growth models provides a good way of condensing the information contained in such data into a few parameters with biological meaning .
In southwestern Spain, extensive grazing areas are dedicated to beef production. The predominant breed is Retinta, with 137,331 cows, which represents 16.7% of the local breed population of Spain (L6pez de Torre et al., 1990) . Pasture production is markedly seasonal and depends on J. Anim. Sci. 1992 Sci. . 70:2668 Sci. -2672 fall and spring precipitation, and this affects the nutritional status of the cows.
Previous work on growth of Retinta cattle has been primarily focused on the early stages, including preweaning (Garcia Barreto et al., 1979; Martin-Bellido, 1985 ; Cervini Gagliardi, 1988) and postweaning growth (Benito et al., 1979; Lopez de Torre et al., 1981) . Growth of cows of the Retinta breed throughout their lifespan under the extensive conditions of southwestern Spain should be determined to characterize the breed for design of future breeding programs.
The purpose of this study was to describe the growth curve parameters of the Retinta breed using a suitable mathematical model and to determine their phenotypic relationship to each other. Also, the effects of pasture fertilization and physiological status of cow on mature weight and rate of maturing were analyzed. Finally, the relationships between growth curve parameters and cow productive efficiency were estimated.
Materials and Methods
In August 1981,70 recently weaned heifer calves with an average age of 8 mo were bought from various seedstock breeders of the Extremadura region. Originally, these heifers were located at the La Orden experimental farm and were later moved to the Valdesequera experimental farm in March of 1982. Both farms belong to Servicio de Investigacibn Agraria de Extremadura. The climate of the latter is semiarid Mediterranean. From 1983 to 1988, mean annual temperature was 16°C and average annual rainfall was 457 mm, unevenly distributed among seasons (169, 131, 115, and 42 mm during fall, winter, spring, and summer, respectively). The lowest rainfall experienced was in 1983, with 331 mm, whereas 1986 had the highest, with 647 mm. Grazing cows were supplemented with grass hay during periods of low forage availability (fall and winter).
Heifers were first bred to Retinto bulls and they calved from August 1983 on, at approximately 32 to 35 mo of age. Charolais bulls were used from the second to the sixth mating (1984 to 1988) and the breeding season lasted from early January to midJune. The experimental heifers were randomly assigned to eight pastures, where they produced normally until the end of the study in January 1989. Stocking rate was .28 cows per hectare.
Cow weights were recorded from 8 to 97 mo of age. Weights were taken on January 31, April 30, July 31, and October 31 each year. Weights taken at other dates were discarded to balance the data. Additionally, all calving dates and the calves' birth and weaning weights until the fifth parturition (end of study in early 19891 were recorded.
Three cows were culled for disease and four cows died. Seven cows remained in the herd but were excluded from analyses because they failed to calve a t least three times by the end of the study (four cows) or they did not have complete weight data series (three cows). No direct selection for growth was practiced.
Weight-age data from the remaining 50 cows were used to compare three nonlinear functions Won Bertalanffy, Brody, and Richards) and to select the best for fitting the complete set of data. The equations for these were as follows:
Biologically, growth curve parameters may be interpreted as follows: W = observed weight at age t, expressed in months, and A = the asymptotic limit of the weight when age (t) approaches infinity. This does not imply that A is the heaviest weight attained by the individual, but it indicates the average weight of the mature cow, independent of short-term fluctuations in weight due to temporary environmental effects of climate, feed availability, or pregnanc y/lact at ion stat us.
B indicates the proportion of the asymptotic mature weight to be gained after birth, established by the initial values of W and t. This parameter adjusts for the situation in which W (initial weight) or t (time of origin) z 0. As can be observed in the equations, when W = t = 0, then B = 1.
m is the point of inflection, which occurs where the estimated growth rate changes from a n increasing to a decreasing function. Rate of change in weight is maximum at the point of inflection because, by definition, these equations have zero gradient at point of inflection. The point of inflection is represented by m. Brody's function has m = 1. The von Bertalanffy function has a fixed point of inflection (m = 3) relative to mature size. Because this function assumes the occurrence of a n inflection point, fixation of the predicted coordinates for this point limits its biological interpretation. On the other hand, the Richards function permits a variable point of inflection. In this model, the weight at inflection is a function of m, the form parameter (Richards, 1959) .
K is a function of the ratio of maximum growth rate to mature size, normally referred to as maturing rate. It is related to postnatal rate of maturing and serves both as a measure of growth rate and of rate of change in growth rate. Large K values indicate early maturing animals, and vice versa.
Each of the three functions was individually applied to each animal to determine its growth curve. To fit these curves the statistical program BMDP3R from the Biomedical Computer Program series (1987) was used. This program is based on the Gauss-Newton iterative procedure modified by Hartley (1961) . To avoid overestimation of the parameters due to the correlation of errors, the maximum Likelihood Program (19761, which uses a correlated error covariance matrix, was also used. The parameter estimations from BMDP3R were used as initial values in the Maximum Likelihood Program.
According to the previous work of Brown et al. (19761, Ldpez de Torre and Rankin (19781, and DeNise and Brinks (19851, the criteria for comparison of the three models considered were computing difficulty, goodness of fit, and lack of bias of the A parameter estimator. Computing difficulty was based on the percentage of cows for which there was no solution for each function. The lack of solution resulted from one or more of the following causes: no convergence in the iterative procedure, large number of iterations needed, computing time, and lack of efficiency in parameter estimation. Goodness of fit was derived as follows. First, the global fit for each function to the set of weights was obtained on each animal and was evaluated through the residual variance for each individual for each function. Second, the coefficient of determination for each individual and for each function with less residual variance and larger coefficient of determination on average was considered the best for goodness of fit. Weights from each cow at 8, 56, and 95 mo of age were selected to evaluate possible differences among the models when describing initial, medial, and late growth, respectively. Finally, the lack of bias of the A parameter was measured as the difference between the A parameter and the average weight from 60 to 97 mo of age.
The fitting of Brody and von Bertalanffy functions did not present any computational difficulty for any of the cows considered. Both functions reached convergence with a low number of iterations (von Bertalanffy: 8, Brody: 7). Coefficients of variation of the A, B, and K parameter estimates were 5, 15, and 21 YO, respectively, for von Bertalanffy and 6, 11, and 27%, respectively, for Brody. Only 41 cows converged to a solution for the Richards function, requiring a high number of iterations (80) and consequently a long computing time. Estimates of A, B, K, and m parameters had coefficients of variation of 7, 199, 48, and 253%, respectively. These high values and the lack of convergence in some individuals indicated a lack of usefulness of this third function for the study (Candotti, 1989) . Mature weight as estimated for Brody's A parameter surpassed the average weight from 60 to 97 mo of age by 14.6 kg, whereas the same parameter obtained with the von Bertalanffy function was 10.1 kg larger. Because both models estimated the average from 60 to 97 mo in a similar way, the greater magnitude in the asymptotic weight of the Brody model seemed to indicate overestimation of mature weight. Thus, the selected model was von Bertalanffy.
A least squares analysis of variance was performed to determine the effects of pasture fertilization (natural vs fertilized), early physiological status (cows that calved a t both 3 and 4 yr old [EPS-11 vs cows that calved a t 3 yr old and remained nonpregnant at 4 yr old [EPS-21, and later physiological status (cows that calved every year from the 5th to the 8th yr of age [LPS-11 vs cows that did not calve at least 1 yr during that period [LPS-21) on growth curve parameters and cow weights a t fixed ages. Two-way interactions were investigated and found not significant. Finally, the relationship between the curve parameters and cow productive efficiency was studied. Productivity indicators were number of calves weaned during the first five calving seasons, average progeny birth weight, average progeny weaning weight, and average weaning weight per cow exposed per year. Factors included in the analysis of variance were pasture fertilization as a fixed effect and parameters A and K as covariates (covariates included in separate analyses).
Results and Discussion
Fertilization of the pastures where the cows were grazing increased mature weight and decreased rate of maturing (Table 1) .
There was no significant difference in mature weight between cows that did or did not calve at 4 yr of age, when all cows calved first at 3 yr (EPS-1 vs EPS-2, Table 1 ). This result is in agreement with that reported by Ldpez de Torre and Rankin (19781 in Hereford and Brangus cows and with that reported by McLaren et al. (1982) in Angus cows. Other trials have shown that calving at early ages can decrease mature weight (Morrow et al., 1978; McCurley et al., 1984) .
Rate of maturing for cows that were nonpregnant in the second calving period (K = .035) was smaller (P c .05) than that for the cows that calved during that period (K = .040). Similar results were reported by McCurley et al. (1984) in British beef cows. McLaren et al. (1982) found a larger K parameter (P < .01) for cows that calved at 2 yr of age and remained nonpregnant the next calving season than for those that calved at both 2 and 3 yr of age. The authors suggested that calving and milking reduced cow maturing rate.
To investigate the reasons for the increase in K of the EPS-1 group and to study the gestation bEPS-2 = cows calving at 3 yr of age a n d nonpregnant the cLPS-l = late pregnancy status. Cows calving all years from dLPS-2 = cows failing to calve during some years between 5 *P .05. a n d 4 yr.
following year.
5 to 8 yr of age. a n d 8. Biologically, the most important relationship is that between A and K. The phenotypic correlation between these was -.49, indicating that animals that mature early are less likely to attain as large mature weights as those that mature more slowly in early life. These results were consistent with those reported by Brown et al. (19761, McLaren et al. (19821, and DeNise and Brinks (19851, which ranged from -5 7 to -.71. The negative correlation between mature weight and the B parameter, -.30, indicates that lighter preweaning and weaning weight tend to result in lighter weight at maturity.
EFFECTS OF GROWTH CURVE PARAMETERS
General means and regression coefficients for the four productivity variables considered are presented in Table 2 . The average number of calves born per cow exposed in 5 yr was four. Average weights a t birth and weaning were 38 and 218 kg, respectively, and weaned weight per cow exposed was 172 kg per cow per year. These figures are in agreement with previous work on Retinta cattle (Martin Bellido, 1985; LBpez de Torre et al., 19901. No differences for any of the productivity variables due to pasture fertilization were found; thus, only the overall means are presented in Table 2 .
Regression coefficients for A indicated a decrease in total number of calves of .5 for each 100-kg incremental increase in mature weight (P c .051. This inverse relationship has also been reported by Hawkins et al. (19651 Urick et al. (19811, and Butts et al. (19841 indicated increments of 1 to 2 and of 4 to 11 kg, for birth and weaning weight, respectively, for each 100-kg increase in dam mature weight.
Although not significant, weaned weight per cow exposed per year decreased by 17 kg for each 100-kg increment of A, in close agreement with the data of Stewart and Martin (1981) .
Number of calves weaned and weaned weight per cow exposed per year increased (P c .051 with maturing rate. No significant association was found between maturing rate and calf weights at birth and weaning ( 
Implications
Under the conditions of the study, these results suggest that larger cows may be less productive because they wean fewer calves. On the other hand, faster-maturing animals, probabIy associated with a lighter mature weight, would be more efficient, weaning more calves and producing more calf weaning weight during their productive lives.
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